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The incidence of duodenal invasion was 18.1 per cent (151 cases) as a whole but as high as 37.0 per cent in the 135 cases in which the stomach tumors were 1 cm or less distant from the pyloric ring. Of the cases with duodenal invasion, the serosa of the duodenum was involved in 115 cases (76.2 per cent) but the continuous extension of carcinoma to the duodenal mucosa was observed in none; most of the former cases were those in which carcinoma extended to the duodenal serosa from the stomach serosa in the form of inci pient carcinomatous peritonitis.
The 151 cases were commonly associated with cancer spreads to other structures, e.g. peritoneal invasion and lymph node metastasis, and the majority were revealed to be beyond the scope of radical surgery even when the duodenum was widely resected. However, it was also noteworthy that there were a few cases in which carcinoma of the prepyloric re gion extended to the submucosa of the duodenum at an early stage of cancer progress where no other extragastric spread was evidenced.
To elucidate the clinical aspects of duodenal extension of stomach cancer from the surgical points of view, the study should include a large number of cases at various stages of cancer progress and take into consideration the following three subjects: the frequency of duodenal invasion, the mode and extent of the invasion and the cancer spread into other structures. However, most of the previous investigations were based on an insufficient number of cases and few of them covered the above subjects. With a total of 833 stomach specimens obtained by subtotal resection at the Department of Surgery, Tohoku University School of Medicine, the authors have studied on the duodenal extension of stomach cancer from the above-mentioned view-points. Attention has been paid to the omental involvement and the lymph node metastasis of carcinoma and the surgical significance of duodenal invasion of stomach cancer has been evaluated in relation to the cancer progress as a whole.
MATERIALS AND METHOD
The objectives of the study were 833 specimens of stomach cancer resected by subtotal gastrectomy. For the microscopic examination, one to three large blocks were taken through the entire lesion and through the adjoining stomach and duodenum to the edge of the specimen. At the same time, the omentum adjoining the stomach specimen was prepared to make 15 to 20 consecutive small blocks and the state of cancer invasion was histologically examined in each of them. Lymph nodes were also subjected to histological examinations. RESULTS 
Frequency
Of the total of 833 cases examined, 151 cases or 18.1 per cent showed cancer invasion to the duodenum. Among these 151 cases, carcinomatous infiltration was present at the line of division , of the duodenum in 35 cases. As shown in Table I , there is a large discrepancy in literature in the rate of duodenal invasion of proved that the frequency of duodenal invasion was considerably high when the stomach tumor was close to the pyloric ring but very low when the tumor was 3 cm or more distant from the latter.
Extent and location of cancer invasion
The range of duodenal invasion in the 151 cases is shown in Table III . In some cases, the line of division of the duodenum was found to have been in volved by carcinomatous infiltration, indicating that the duodenal invasion extended farther than the distance given in the table. The numbers of such cases are shown in parentheses. In the majority of the cases, the range of duodenal invasion was within 1 cm from the pyloric ring. The maximal extension recorded in this series was 2.4 cm. Table IV summarizes the location (in terms of the layers of the duodenal wall) and the pattern of the duodenal invasion revealed in the 151 cases. As to the location, the lesion was found in the subserosa and/or serosa and the adjoining All of the five cases of mucosal invasion revealed discrete metastatic spread via the lymphatic channel; continuous infiltration of the tumor into the duodenal mucosa was evidenced in none of the cases of this series. In the remaining cases which showed cancer invasion in the submucosa, subserosa, serosa and/or adjoining A B Fig. 1. Photomicrograms showing continuous extension of stomach cancer into the subserosa and the adjoining omentum of the duodenum. In B is shown a higher magnification of the arrowed portion of A. Infiltration of polymorphic cancer cells is seen . omentum of the duodenum, either one or both of the continuous infiltration ( Figs.  1 and 2 ) and the discrete metastatic spread (Figs. 3 and 4) were revealed. As a whole, the pattern of duodenal invasion was continuous in 83 cases (54.9 per cent) , discrete in 52 (34.4 per cent) and both continuous and discrete in 16 (10.7 per cent); the continuous infiltrative spread thus predominated in the duodenal extension of stomach cancer.
3. P.C. classification (Muto) and the extent of lymph node metastasis in 151 cases with duodenal invasion In 115 among these 147 cases, the duodenal invasion of stomach cancer was found in the serosal side of the duodenum and the lesion was a continuous or metastatic extension of carcinoma from the serosa of the stomach tumor . On the other hand, the remaining four cases without appreciable peritoneal involvement were those in which the stomach tumor was located near the pyloric ring .
The extent of lymph node metastasis in the 151 cases with duodenal invasion is shown in Cases with duodenal extension of stomach cancer were thus mostly rather progressed ones associated with the peritoneal involvement or lymph node metastasis. However, it is also noteworthy that there were cases in which carci noma of the prepyloric region extended to the duodenum at a comparatively early stage of cancer progress where no peritoneal invasion nor lymph node metastasis was evident, although the incidence was not large. DISCUSSION 
Extension
of stomach cancer into the duodenum was formerly regarded to be very rare even in carcinoma of the pyloric region. However, a number of recent studies with precise histological examinations have proved that the inci dence is not so uncommon as was supposed previously.
In the present series, the duodenal invasion was confirmed in 18.1 per cent of 833 cases of stomach cancer. This fact poses a problem which cannot be disregarded in surgery for stomach cancer, and the problem should be discussed from the following three view-points.
The first is the relation of duodenal invasion to the location of the stomach tumor. Regarding this problem, the present study revealed that the incidence of duodenal extension was as high as 37 per cent for carcinomas located within 1 cm from the pyloric ring but was only 4.7 per cent for those 3 cm or more distant from the pyloric ring. The result provides a clinical suggestion that particular attention should be paid on transection of the duodenum when dealing with a carcinoma of the stomach which is located adjacent to the pyloric ring. lesion exceeded the pyloric ring in the subserosa and in other layers including the submucosa. From this and other findings, he concluded that in most instances cancer cells invaded the duodenum via a large lymph channel which was located in the submucosa of the stomach at the gastroduodenal junction and proceeded downwards to join the lymphatic system in the subserosal space of the duodenum. Zinninger5) stated "The invasion into the duodenum seemed principally to be by direct infiltration of the muscle or extension in the subserosal lymphatics.
In only three cases (of nine) was it in the submucosa, one of the chief sites for extension in the stomach". In Shimizu's series), on the other hand, duodenal invasion was most commonly seen in the submucosal layer and Maruta and Chishima7) reported similar results.
In the authors' series, the site of duodenal invasion was quite various but none of the cases exhibited a picture which was suggestive of a continuous extension of carcinoma into the duodenal mucosa. In the majority of the cases the duodenal invasion was in the subserosa, serosa and/or adjoining omentum (76.2 per cent), or in the submucosa (43.1 per cent), these layers thus appearing to be the main routes for duodenal extension of stomach cancer. In cases showing infiltration of the serosal side of the duodenum, it was particularly noted that, although a few of them were estimated to have followed the route described by Borrmann, the majority exhibited continuous or metastatic spread of carcinoma from the stomach serosa which was involved by the tumor. The latter cases may be regarded to represent the duodenal invasion of stomach cancer as a partial picture of incipient carcinomatous peritonitis. However, in four of the 151 cases, cancer of the prepyloric region showed a lymphogenic metastatic spread into the duodenal submucosa in a comparatively early stage of cancer progress in which the tumor was localized within the stomach wall. Therefore, it should be also noted that duodenal extension does not always indicate much advanced stomach cancer.
The third problem is the range of duodenal invasion as measured from the pyloric ring. In the present series, the range was within 1.0 cm in most occa sions; those above 1.0 cm accounted for 7.3 per cent of the total and the longest extension was 2.4 cm.
Thus the extension of carcinoma into the submucosa or the serosa of the duodenum was seen in cancer of the pyloric antrum at a considerable incidence, although a continuous extension to the duodenal mucosa was uncommon.
However, the duodenal invasion of stomach cancer mostly took place in the form of incipient carcinomatous peritonitis and was frequently associated with extensive cancer spread to other structures, e.g. peritoneal invasion and lymph node metastasis. It should be noticed that in such cases a radical surgery is rarely successful no matter how extensively the duodenum is resected.
However, it should be also recognized that, when the stomach tumor is located very close to the pyloric ring, a duodenal invasion of stomach cancer may occur through the submucosa at a comparatively early stage of cancer progress where the tumor is still completely localized within the stomach wall. Such cases should be objectives of an extended resection of the duodenum. Inasmuch as the range of the duodenal invasion of stomach cancer was revealed in the present study to be less than 1 cm in most occasions and 2.4 cm at most, it may be sufficient to place the transection line of the duodenum at a portion 3-5 cm apart from the pyloric ring, as previously commented by Castleman8).
